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equivalence between conventional and Nano-X treatment 
geometries. 
 
Material and Methods: Experiments were performed during 
Sep-Oct 2015 on an Elekta Agility with MLC, XVI imaging 
system and a custom-built phantom rotation platform.  
Dosimetry:  
An IBA MatriXX Evolution 2D ionization chamber array was 
mounted to the phantom rotator. A Head and Neck IMRT 
treatment plan, with seven equiangular beams, was used. 
Two treatments were delivered: the first under conventional 
conditions with the MatriXX stationary and the linac 
delivering treatment at planned gantry angles. The second, 
mimicking a Nano-X treatment, involved rotating the MatriXX 
to the planned angle, with the linac gantry static and 
vertical.  
Imaging:  
A CATphan CT imaging QA phantom was mounted to the 
phantom rotator. Two sets of measurements were acquired: 
the first involved a cone-beam CT acquired under 
conventional conditions with the CATPhan stationary and the 
linac rotating. The second, mimicking a Nano-X treatment, 
involved rotating the CATphan, with the linac gantry static 
and vertical. Both datasets were reconstructed using 
Feldkamp-Davis-Kress (FDK) back projection. 
 
Results: 
Dosimetry: 2D distributions were compared between rotated-
gantry (conventional geometry) and rotated-MatriXX (Nano-X 
geometry) beams using 3%/3 gamma analysis. Measurements 
were repeated on consecutive days and the departmental 
tolerance of 90% was defined as our pass rate. Results for 
ranged from 92.7% to 98.2% on Day 1 and 95.8% to 98.9% on 
Day 2, for the same angled beams.  
Imaging: Figure 1 shows the CATphan images acquired in 
Nano-X (Fig 1a) and conventional linac (Fig 1b) geometries. 
The mean absolute pixel value of the difference image 
(histogram shown in Fig 1c) was 28 Hounsfield units (HU), 
consistent with Poisson noise. The line profile (Fig 1b) shows 
the two imaging geometries have high agreement in both 
pixel intensities and spatial information. 
 
 
 
Conclusion: We have demonstrated imaging and dosimetric 
equivalence between the Nano-X gantry-less linac and 
conventional linac geometries.  
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Purpose or Objective: With recent advances towards MRI-
Linac radiotherapy, characterisation of electromagnetic 
interactions of the two devices is an important research area. 
One of the most sensitive components is the linac electron 
gun. Previous work focused on characterising non-gridded 
guns in parallel and perpendicular magnetic fields. However, 
the majority of Linac vendors use gridded guns, which have 
important applications in beam gating and variable 
energy/dose rate linacs. No studies on medical gridded guns 
could be found in the literature, so the purpose of this work 
is twofold: To develop and present a realistic model of a 
gridded gun, and to test the sensitivity of this gun in parallel 
and perpendicular magnetic fields with particular focus on 
different gun operating modes. 
 
Material and Methods: The geometry of the gridded gun used 
on Varian high energy linacs was measured with 3D laser 
scanning quoted as accurate to 0.1 mm. Based on the scan, a 
detailed CAD model was developed. From this, key geometry 
was extracted and a Finite Element Model (FEM) was 
developed using commercial software (Opera/SCALA). The 
high voltage and grid voltage (HV: cathode to anode, grid: 
cathode to grid) were read directly from a Varian Trilogy in 
service mode. Two operating modes were simulated: 6MV 
photon beam: HV=16kV, grid=100V, & 18MV photon beam: 
HV=7kV, Grid = 30 V. The model was solved for each mode in 
parallel fields between 0 and 200 G, and perpendicular fields 
between 0 and 50 G. 
 
 
Results: Zero field emission current was 487 and 106mA for 
6MV and 18MV respectively. Injection current is around 20% 
less, as the grid blocks some of the beam. In parallel fields 
50% current loss occurred at 112 (6MV) and 77G (18MV), 
whilst in perpendicular fields these values were 19 and 13G. 
The behavior of the two different operating modes in the 
presence of magnetic fields is similar, but 18MV is around 50% 
more sensitive to magnetic fields than 6MV. This dependence 
on the HV of the electron gun has not previously been shown. 
In all cases, a grid potential of -100V resulted in zero 
injection current, showing the suitability of this gun for beam 
gating. 
 
Conclusion: A FEM model of a gridded electron gun has been 
developed based on a commercial gun. The sensitivity to both 
parallel and perpendicular magnetic fields has been 
quantified. Different operating modes show substantially 
different sensitivity. This original result has implications for 
electron gun, waveguide, and shielding design in MRI-Linacs. 
 
 
 
 
 
 
